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. ABSTRACT

It Is proposed to measure two-bhody and quasi two-

body elastic scattering on p's, p's, kK¥'s, 7¥'s out to
farge t-values and at incident energies up to 150 GeV.

In addition, it Is proposed to measure the u-channel

processes mip > n¥p at 40 and 75 GeV. Measurement will
be made with the SASG focussing spectrometer.
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introduction

The SASG group has proposed to measure the high energy diffragtive
scattering zx's, K's, p's, and P's on hydrogen and deuterium out to
Itl's of l.S(Ge’v’/c)2 using the high precision 200 GeV focussing
spectrometer now under construction at NAL. This proposal was limited
in Its scope b? time considerations and not by the inability of this
instrument to make good measurements. (lIn fact an earlier proposal
No. 73 by us which was later replaced by No. 96, did indeed envisage
such measurements.) We are now proposing as a second round of
measurements to go to large t-values. Other instruments at NAL will
probably be able to do as well on the elastic channels, however the
focussing spectrometer should have sufficient precision to measure
elastic and quasi-elastic processes simultaneously, the mass of the
recoiling nucleon or resonance being determined with high preci;ion
from the kinematics. In addition, the instrument will simultaneously
accumulate data on incident p's, 7's and K's., In our view this
abiifty of a Single arm instrument to make measurements simultaneously
on a who]e set of reactions makes this the preferred investigational
techAique for HNAL.

The focussing spectrometer also has strong advantages for the

u~channel investigations:

T+ p~-p + 77

7T++ Pe—»p + JT+




The difficulty in identifying this second process wtp-—»p nt is due
to the fact that the cross section for elther elastic pion or proton
t-channel scattering into the spectrometer iIs larger by a factor ~106
over the u-channel.

At high input beam rates spurious events will sometimes be
generated by protons in the input beam which t-channel scatter into
the spectrometer and are simultaneously accompanied within the
electronics gating time by a pion in the input beam. We propose to
overcome these difficulties by taking advantage of the kinematic
constraints that can be placed on these reactlons with a high
precision spectrometer; At 75 GeV incldent energy the u-channel
forward going proton Is kinematlcally separated by ~1% in momentum
from the elastlically scattered t-channel particles., |f measurements
are made with a high precision spectrometer (capable of 0.1% or higher
precision) the u and t—channél processes will be cleanly and
completely separated on the basis of kinematics alone. In addition
the'prgsence In the para]le1°ray sectiﬁn of the focussing spectrometer
of a high precision differential Cereﬁkov counter should provide
a]mo§f complete partic1evtdentification and thus separate processes
with a forward going pion from those with a forward going proton,

While beam [ntensities are»very adequate for the t-chanae1

processes, u-channel processes will be marginal unless relatively

~-intense secondary beams are available.

Objectives of Proposed Experiments

While there are great numbers of predictions as to the high energy

behavjor of cross'sections in the literature, It is clear that most
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are both speculative and model.dependent, and will be substantially
modified as data becomes available.

in general at high t's and presently available energies, Cross
sections shrink rapidly with energy and thus appear to contain large
or even predominant contributions from exchanges other than the
pomeron. There is evidence that this shrinkage is decreasing with
energy and that at NAL energies the cross sectional structure due to-
the pomeron, or pomeron cuts, should become dominant. Thus the NAL
data should provide evidence on the high t behavior of the pomeron,
Further in analogy with Glauber theory one would perhaps expect a
t~dependence showing a series of single, double, triple, etc. pomeron
scatterings. It is clear that the qualitiative behavior, slopes,
shrinkage, presence or a@sence of dips or structure, etc, will have to
be known from experiment to make further progress.in theoretical
understanding of the dynamics of high energy processes, Comparisons
of the large variety of pomeron exchange processes available at NAL
‘will also be of considerable interest.-

There are a number of specialized theoretical predictions.which
can be checked(l). For instance, it has been pointed out that a crude
£ype of factorization aﬁbears'to exist that leads to constant ratios
between the cross séctions for diffraction excitation of the various
resonances;".

T A few years ago simple Regge poles were believed to .account very
suécessfuliy for baryén exchange processes, As more daté begame
" available on a wide range of Interactions the theoretical Situation

has beCome.much more obscure, At high energies the theory should
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contain only a few leading exchanges or cuts and the data should be
considerably easlier to understand on a fundamental basis. Probably
the most interesting experimental range to cover Is from |u|l values of
O-I.S(GeV/c}e, covering the very pronounced dip structure in |
ntp—>p 7+ observed at |ul - .IS(GeV/c)e.

Experimental

The equipment to be used and the spectrometer have been fully
described In Proposal No. 96. No additional equipment will be
required.

If the accelerator is at an Intensity in the range 5 10ll -5 1012
protons per pulse we will use the 2.5mr Input beam in the mode for
which momentum is recombined at the target, and will use the hodoscope
systems In the input beam to determine tﬁe characteristics of the
Input beam, For acceleratér beam in excess of 1013 protons per pulse
hodoscoping the input beam line would become less appropriate and we
would then use the 2,5mr beam in the "dlispersed mode", combiﬁing the
beaﬁ and spectrometer Into an "energ§g1oss" or "missing mass" -
fo¢u§sing device, Basically all beam momenta in this mode are
recombined to a single point at an achromatic focus at the momentum
focal plane of the spectrometer. If a particle then loses energy in
the target it will be displaced on the focal plane by a distance
proportionél to the energy loss. The advantage of this mode of
"operation Is that even if the spread of momentum in the input beam is

as higﬁ as 1.5(GeV/c) (1% slits at 150 GeVY) the change In momentum in
4passing throdgh the target can be determined to the precision of

kS MeV/c. The t-value to be measured’will be selected by changing the




input angle of the primary beam on the target. The prebend system
envisaged for Experiment No. 96 makes accessible t-values up to about
S(GeV/c)e. With slight modification higher t-values could be made
available if this was desirable. Generally we will expect to take
about a 1/2% momentum bite on the érimary input beam.

Particle identification will be made with the Disc Cerenkov
counters and threshold counters in the primary beam, and with
differential and threshold counters in the spectrometer. We expect
during the running of Experiment No. 96 to have mastered the technique
of ldentifying pions, kaons, and protons in the input beam and
simultaneously recording the missing mass spectra for all the input'
particle channels over an appropriate range In the spectrometer.
Cross sections will be determined from the missing mass spectra via
the standard method of analyzing the data into an.elastic peak,
Brett~Wigner resonances, and a smooth polvnomial background. The
proposed spectrometer resolution of 0.03% precision should be very
adequate.

u~Channel Processes

fhe process g~ p-—>p - will be relatively simple to measure, The
high momentum forward going poéitiQe protons will be trivially
sepératedﬂfrom the large;flux Qf‘negativé beam particles scattering
into the sééctrometer.” Therefore t-channel pfocesses associated with -

‘negative input beam particles will not provide any serious
. ) o . 12
backgrounds, We would expect with accelerator intensities of 3 10
protons per pulse or greater to be able to make measurements up to the

order‘o% 75 GeV before running out of cross section. At 75 GeV beam

. .




momentum the homentum precision on the forward going proton, required
to differentiate the two pion process g p->+ 27 from the elastic
process wrp-—+»pmw, Is .04%, whereas the spectrometer should measure
down to a precision of 0.03%. We therefore believe that sufficient
kinematic precision will exist to separate the elastic peak., However,
in addition to this kinematic ldentification of the elastic process
provided by the measurements of the forward going momenta, we will use
a recoil particle side-arm, similar to that to be used for Experiment
Mo, 96, to make coincidences wlith the forward going proton and the
recoiling pion in order to discrimlnate the elastic processes from the
inelastic u-channel processes.

. The process g p-=pnt Is considerably more difficult to measure.
The input béam electronics will be arranged to identify nr-mesons via
a coincidence with a threshold Cerenkov counter and the Disc counters
will be used to veto protons., The rejection of unwanted t-channel
events wlll then be based upon the following criteria,

“a) Kinematics; forward going protons from baryon exchange will
have momenta ~450 MeV/c (M/2) above the momenta for elastic t-channel
procgéses from either incident protons or pions, and about 700 MeV/c
higher than t-channel processes which produce a backward pion in the
lab. At 75 GeV the focussing $pectrometer should determine momenta to
a précisiodwéf 25 MeV/c, and thus permit the élean kinematic
“separation of u-channel from the t-channel processes.

A small Fraction‘;f events will result from the t-channel
'scatéering of a proton accompanied by a plon in.the input beam,

Occasionally the proton will have failed both to have triggered the




Disc counter and Its momentum hodoscope counter, and will therefore be
misassligned the momentum of the accompanying pion. The maximum
possible error in the momentum of these beam particles will be the
1/2% momentum bite of the beam line. Even for this case the real
u-channel scatters will be separated by ~200 MeV/c from these séurious
t=-channel processes and will be separated and thus even for the worst
possible case these criteria should suffice. Therefore on the basis
of kinematics alone we should achlieve rejection ratios in excess of
104.

b) Input beam particle identification: even at the highest
expected beam rates the combination of the threshold Cerenkov pion
coincidence, and the Disc proton anti-coincidence should give
rejections against protons well in excess of 102.

c) ldentification of the outgolng particle in the spectrometer:
with the threshold and differential counters we would expect to obtain
rejection rates well In excess of 1oh:1 agalnst plons going through
fhe'high energy spectrometer. A

d) Siae-arm Kinematics: on the basis of coplanarity and rough
azimgtha1 angle we expect rejection ratios of above 102 against
unwanted events. |

We therefore expect ?b reject the backgrounds from input beam
p!ons’whicﬁ'tvchanne] scatter into the spectrometer on the basis of

“forward kinematics, identification of the outgoing fast barticle as a
proton, and the side-arm kinematics with a combined rejéction ratio in
‘excess of %010. Input beam protons which t-channel scatter'{nto the

spectroﬁeter will be rejected on the basis of the forward kinematics,




the input beam ldentification-as a '"pion", and the side-arm
kinematics, with a combined rejection ratio of 10 .

In addition to this separation Into the u-channel, the detected
u-channel processes must be analyzed into elastic or non-elastic
channels. The same criteria will be used as for 7 p-—pmw~ namely:

1) The .03% resolution of the focussing spectrometer should be
sufficient to kinematically separate the elastic peak from other
processes,

2) The residual contamination in the focussing spectrometer comes
from the process 71 p-—»=p 2m, which Is roughly comparable In cross
section. This should be rejected (~100 to 1) by the side-arm
coincidence, Either criterion 1) or 2) should probably be sufficient.

We believe that the above statements have been well confirmed by
previous experimental experlience. Using a high precision spectrometer
at the SLAC, even with a bremsstrahlung beam and no recoil
céincidence, u-channel "elastic" channels have been measured at SLAC
up to 16 GeV with a very clean signal(2), With the exception of the
BNL experiments of'E. W. Anderson gﬁ_gj.(3), u-channel measurements
at pfbton accelerators have not employed forward going spectrometers
of sufficlent precision to give a cleaﬁ kinematic separation of the t
from the u-channel and have not had sufficlient precision to separate
the u-channéi elastic and Inelastic processes., Most previous proton

~accelerators' experiments(4) have had to rely on very elaborate
side-arm detectors to‘brovide clean experimental signatures. The BNL
"experiments of Anderson, et al.(3) used a 0.25% precision single arm
spectrometer and made clean u~channel measurements up to energies of

16 GeVv.




Rates and Cross-sections

We give estimates of the expected cross-sections in Table 1, and
expected rates in Table 2, Fig. la and 1b give the current NAL
estimates for the beam Intensities of the 2.5mr beam.

Time Required

We are proposing to measure w1, 7, K+, K ,p and P e]astfc and
quasi-elastic large t-value scattering on liquid hydrogen at 50 GeV,
100 GeV, and 150 GeV.

We propose to measure u-channel 7 p—p#n~ and wtp—-prt in
the range of u-values from 0 to l(GeV/c)2 at 40 and 75 GeV incident
energy on liquid hydrogen. t-channel measurements will proceed
simultaneously on all Input beam particles. Time estimates follow.

t-channels

xt, k¥, p channel at 50, 100, 150 GeV to cover

7 decades In do/dt for the ¢+, 6 for the K+, and 250 hours
8 decades for the proton. |
"7, K, P channels at 50; 100, 105 GeV to cover
7 decades in do/dt for the T, 5 fér the K, 250 hours
5 decades at the higher energies to 5 at the
. lower energfes for P.
u-channels*.
nﬁ"p-aQb 7+ at 40 and 75“Gev to cover 1.5 decades 150 hours
" p—-p N at 4O and 75 GeV to cover 1.5 decades 150 hours
TOTAL « 4 v v v v o o o o o o o o o o o o o o o s .800 hours




* YWe assume for these measurements secondary piqn fluxes in a 1/2%
T - . -
momentum band in excess of 2 10 w/per pulse, 1f actual intensities
are lower these measurements will become marginal.

Apparatus Requirements

The 2.5mr beam and the SASG spectrometer facility. No additional

special requirements.
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“TABLE 1

Elastic Cross-sections

Expected cross-sections for the t-channel are given in terms of do/dt = AeBt

%ot A B Elastic
Process (mb) (mb/GeVg) (GeV~2) {mb) Comment
P+ Lo 80 8 10 Falling slowly
T+ p 25 32 9 3.5 Constant
K+p 22 25 8 3.1 ~ Constant
P+P .52 135 9 1k Falling slowly

Expected cross-sections in the u-channel can be approximately represented by

dag 300 2
—| === pb/GeV
(du)u=0 E2



TABLE 2

We assumed & solid angle acceptance of the high eniggy spectrometer of 20 micro-
steradians, a 20" liquid hydrogen target, and 3 10~° protons per accelerator
pulse at 200 GeV.

No. of decades in
do/dt over which cross-

Beam Intensity "counts/hours” " section can be

Process per burst at small t or u measured
t~channel 7 9

PO 210 410 8

xp 2 107 2 108 7

K'p 2 10° 2 107 6

K p 5 10° 5 106 : 5.5

o 10 2 10° - 5
u=channel

P 2 107 100 1.0

o 2 107 100 1.0

! Expected Rates at 150 GeV

Assumed solid gngle acceﬁtance of the high énergy spectrometer, 10 micro-
steradians .

pp 5 10 2 10° 8
ip 2100 ST 6
K'p 107 o 1.5 10° 5
Kp 103 1.5 0% 4
PP 10° 1.5 10° 2
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Proposal 165 was written in December 1971. We are now updating it to
bring it into line with current operating experience and with present physics

interests.

We also propose to combine with the authors of Proposal 99 to measure the

exchange process T+ P ~K s A" with the SAS.

In view of the success of Regge trajectories in describing 7~ ° charge ex-
change scattering, it is clearly desirable to see how well this success extends to

a wider range of processes.
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pect to be ready to run in Fall '75.

The successful performance of the Cere;kév systems incogbor;téa m the
SAS makes this a comparatively easy experiment to perform. One must ensure
that the incoming 7' in the incident beam is unaccompanied by a K-meson, and
that the outgoing particle is a K-meson. The present spectrometer setup has
heavy overkill for this type of particle discrimination. We believe that the old
Proposal 99 is essentially correct and that the experiment would require one
six-week cycler of the accelerator. We are submitting a separate addendum with‘
the authors of Proposal 99, and would propose to run this experiment prior to
the Experiment 165 running. Estimating the time required to clean up our pres-
ent experiment and to incorporate modifications to the eguipment, we would ex-
Proposal 165 was considered in large part as a "followup' on Experiment
96, the present ongoing experiment to measure elastic and quasi-elastic scat-
tering with the SAS. We would propose at a time subsequent to the 7r+ exchange
measurements to take advantage of the increasing targeting fluxes that are now
becoming available and would operate the spectrometer im the "energy loss"
mode where ﬂo information is required from the beam lime other than the in-

cident particle types. We would devote our major effort to obtaining improved
dg

dt dMM> )
~ 30 GeV® and over a It| range of 0.02 -~ 0.4 (GeV/c)”. Pion measurements

measurements for Ki 's and p's and fine detail for pions out to MM2 of

should already be covered by Experiment 96 and results for K's and p's should
also have been obtained. However, for instance, our spring running was re-
stricted to 1 x 1012 protons/pulse by targeting problems and fluxes at least a
factor five higher should be available. Furthermore, it was decided for our
present experiment that switching back and forth from one mode of operation,
i.e., the tagged beam mode to an energy loss mode, would lose as much time as

it gained, as beam tagging is required for many of our present objectives.
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The spectromefer and beam line instrumentation have excellent particle
identification through threshold and differential Cerenkov counters. Back-
grounds from particles of wrong momenta interacting in the spectrometer walls
and sending secondaries through the detectors are less than 1 in 10_3.

We would propose to parametrize our data in the form:

do AL £ () B £, (t)
= 5 b ———

dtdMM® MM s
The first term corresponds to the triple pomeron (PPP) contribution and the
second term to the (PPM) contribution. Probably most significant is the small
{t| dependence of the triple-pomeron term, which is expected to flatten or turn
over at |ti's of 0.1 (GeV/c}g. Fig. 1 gives the rates for a typical MM2 interval
versus [t| for K+‘s, K's, p's, at 100 GeV that will be observed.
Table 1 gives estimated times for running various t-sweeps and energies.
The total estimated time is 475 hours. No significant additional instrumentation
would be required,
u-channel processes, both elastic and inelastic, are currently of high inter-
est, both generally and in the context of Regge theory. E&*en a limited range of
measurements at small u-values would be of interest. 7 p — p + 7 is easy to
instrument for. The beam line is set for negative particles and the spectrom-
eter is set to detect positive protons at the kinematic limit for recoiling protons.
a WM*MTh:are is every reason to expect that this will be a backgfound free regime (al-
though this has not been checked). T+ Pp—~p+ 7" has substantial background
possibilities from the competing elastic forward scatteringof p +p — p +p.
Certainly for 7" u-channel scattering, the additional constraint provided by the

recoiling particle is required. Whether the present recoil arm would be suf-

ficient, or whether additional rough information on the recoiling momenta would
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also be needed, is not clear. Typical rates for targeting at with 5 ~1012 protfons

32 cm2 ({the "predicted"

/pulse, using a 30" L. H. target and taking g—g— to be 10~
cross section at u = 0) would give ~ 103 counts/4 days at 50% efficiency for
elastic 7r+ scattering, and ~ 330 counts/4 days at 50% efficiency for 7 scatter-
ing. Two or three times more quasi-elastic events of definite physics interest
would also probably be observed, Various forms of upgrading the spectrometer,
such as the use of 4" quads instead of the present quads, would substantially im-
prove these numbers. Therefore, this experiment appears relatively attractive.
If, however, the cross sections were substantially lower than estimated, this
"experiment would become unattractive. We would therefore request an early
two-day checkout run using =~ mesons to obtain a rough cross-section value

while the apparatus is set up for Experiment 96. On the basis of this, we would

be able to make a firm proposal for this part of the program.
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TABLE 1

Proposed time estimates for da/dt.d.lvm2 for K* and P. Assuming a 20" liquid Ha target,

6 x 1012 ‘protons / pulse, o p/p acceptance + 2 1/2%, 10 pster at 50 GeV/c and 5 pster

for > 100 GeV/e and 10% precession. ’

ENERGY lt| RanGE lt] sTEPS m° RANGE Me® STEDPS - TIME
+50 GeV 02 - 0,45 T3 0 - 30 Gev? 5 . 150 hours
+100 02 - 0.b5 5 0 - 30 GeV 5 100
+175 .02 - 0.k5 2 0 - 30 GeV 4 150

o | SET UP AND OVERHEAD 75

TOTAL k75 HOURS
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